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SUPERSONIC DYNAMIC STABILITY
DERIVATIVES OF A MODIFIED 089B SHUTTLE ORBITER
(LAIn)
by
Delma C. Freeman, Jr., Richmond P. Boyden and E. E. Davenport
SUMMARY
An experimental test program has been conducted to measure the
supersonic dynamic stability derivatives of a modified 089B shuttle
orbiter configuration. The tests were conducted in the Langley
Unitary Plan Wind Tunnel utilizlng forced oscillation equipment.
Rotary derivatives were measured about all three axes with both the
In-phase and out-of-phase derivatives reported herein. The tests
were conducted at Mach numbers of 1.6, l.g, 2.36, 2.86, 3.96 and 4.63
for angles of attack up to 30°. The data were measured at the model
resonant frequency with pitch and yaw amplitudes of l° and roll
amplitudes of 2.5°.
INTRODUCTION
One of the current i_lajor national goals is the developl:lent of the
Space Shuttle. As part of this effort a prograr,_ has been initiated at
the Langley Research Center to experimentally measure the dynamic dampinq
derivatives of the shuttle orbiter for all fliqht _hases fror._ entry to
landing. These experi_nentally measured values will be utilized in COhl-
putations to assess the iD,_portance of dynamic da1_iping derivatives on
overall vehicle dynamics. Subsonic-transonic results are Dresented in
reference 1 and hypersonic results in reference 2.
As part of this study supersonic forced oscillation tests of a
O.Ol65-scale model of a modified 089B shuttle orbiter have been made in
the Langley Unitary Plan Wind Tunnel (UPWT). These tests were made for
several configurations over a Mach number range from 1.6 to 4.63 measur-
ing the pitch, roll, and yaw damping. The normal force due to pitch rate,
cross-derivative yawing moment due to roll rate, and rolling moment due
to yaw rate were also measured. Data plots and tables were prepared by
Chrysler Corporation under NASA contract. For this investigation,
designated UPWT 1046/1049 (LAI4), the tunnel occupancy time was 170
hours.
SYMBOLS
PLOT
SYMBOL SYMBOL DEFINITION
b BREF reference span, meters
C_.
P
CBL rolling-moment coefficient, rollin 9 moment
q_Sb
@C_ , per radian
@C_ , per radian
"b 2
C_p + C_sinm
C_r
C_.
r
C_r - C_.cos_
B
CBLP
CBLR
damping-in-roll parameter, per radian
BC_ , per radian
_C_ , per radian
-
rolling moment due to yaw rate parameter,
per radi an
SYMBOL
C_6
C_6sina - k2CE_
C_6cos_ + k2C_
Cm
Cm.
q
Cm + Cm-
q
Cm
Cmo
Cm= - k2Cm.
q
CN
SYMBOLS (Continued)
PLOT
SYMBOL DEFINITION
_C_, per radian
_6
BC _, per radian
CBLBS rolling moment due to roll displacement
parameter, per radian
CBLBC effective dihedral parameter, per radian
CLM
CLMQ
pitching-moment coefficient,
pitching moment
q SE
@Cm , per radian
BCm, per radian
damping-in-pitch parameter, per radian
CLMA
CN
BCm, per radian
BCm, per radian
oscillatory longitudinal stability
parameter, per radian
nor_l force coefficient, normal force
q®S
SYMBOL
CNq
CN.
q
+ CN.CNq
CN
c&
CN.
CN_ - k2CN.
q
PLOT
SYMBOL
CNQ
CNA
SYMBOLS (Continued)
DEFINITION
BCN, per radian
@CN , per radian
/q--_2\
normal force due to pitch rate parameter,
per radian
BCN, per radian
BCN, per radian
normal force due to pitch displacement
parameter, per radian
Cn
Cnp
Cn.
P
Cn + Cn sinaP
Cn r
CYN
CYNP
yawing-moment coefficient, yawing moment
q®Sb
BCn, per radian
_Cn , per radian
"b2
yawing moment due to roll rate parameter,
per radian
BCn, per radian
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SYMBOL
Cn.
r
Cnr - Cn.cOs_
CnB
CB.
B
CnBcosa + k2Cn.
r
Cn sin_- k2Cn.
B p
c.g.
f
k
M
P
q
PLOT
SYMBOL
CYNR
CYNBC
CYNBS
LREF
CG-LOC
MACH
Q(KPA)
RN/L
SYMBOLS (Continued)
DEFINITION
BC
n, per radian
/_b2\
damping-in-yaw parameter, per radian
_C
___nn,per radian
@B
@Cn, per radian
oscillatory directional-stability
parameter, per radian
yawing moment due to rolldisplacement
parameter, per radian
reference chord, meters
reference center of gravity location
position
frequency of oscillation, Hertz
mc in 9itch;
reduced frequency parameter, 2-_
mb in roll and yaw, radians
TC
free-stream Mach number
angular velocity of model about X axis,
radians/second
angular velocity of model about Y axis,
radians/second
free-stream dynamic pressure, k Pa, (psf)
Reynolds number, millions/meter, millions/
foot, millions based on body length
PLOT
SYMBOL SYMBOL
r
S SREF
V
ALPHA
B BETA
aa AILRON
6bf BDFLAP
ae ELEVTR
6r RUDDER
arf RUDFLR
Note:
SYMBOLS (Concluded)
DEFINITION
angular velocity of model about Z
axis, radians/second
reference area, meters 2
free-stream velocity, meters/second
angle of attack, radians or degrees
angle of sideslip, radians or degrees
angular velocity, 2xf, radians/second
total aileron control surface deflection
angle, degrees
body flap surface deflection angle,
positive trailing edge down, degrees
elevator surface deflection angle,
positive trailing edge down, degrees
rudder surface deflection angle,
positive deflection trailing edge to
the left, degrees
rudder flare deflection angle, included
angle between split rudder used to
decrease speed, degrees
A dot over a quantity indicates a first derivative with respect
to time.
CONFIGURATION INVESTIGATED
A 0.0165 scale model of a blend of Rockwell International shuttle
configurations was tested. The model consisted of a 089B orbiter
conTiguration with a 139B configuration nose forward of fuselage station
500. A sketch and photograph of the model are shown in figures 2 and
3, respectively. Data were measured at two moment reference point
locations, 65 percent and 67 percent of the body length, (position l.O
and 2.0, respectively). Variations of body flaD and orbital manueverinq
system (OMS) installation were also investigated. The data tabulation
sheets are presented in Table II and the model component dimensional
data are presented in Table III.
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TEST CONDITIONS
Tunnel conditions during the tests are summarized in table I. The
Langley forced oscillation apparatus (see reference 3) was used with the
model oscillating at resonant frequency. Amplitudes of 1° were used
during the pitch and yaw tests and 2,5 ° for the roll tests. Both the
in-phase and the out-of-phase derivatives are presented for the primary
derivatives as well as the cross-derivatives of yawing moment due to
rolling velocity and rolling moment due to yaw velocity. All data pre-
sented are average values of three data samples at each angle of attack.
TABLE I. TEST CONDITIONS
MACH
NUMBER
1.60
1.90
2.36
2.86
3,96
4.63
REYNOLDS NUMBER X IO G
(BASED ON MODEL LENGTH)
3.55
3.55
4.43
4.43
4.43
4.43
DYNAMIC PRESSURE
k Pa
23.03
22.89
26.86
23.70
17.62
13.93
PSF
480
478
560
495
368
291
TEST FACILITY DESCRIPTION
The Langley Research Center Unitary Plan Wind Tunne] (see refer-
ence 4) is an air-medium, continuous-flow facility consisting of two
test sections. Asymmetrical, sliding-block type throats control
M@qh num_er_ add models caD be supported from stin s mounted to the
slae-wall strut systems. Lach test section is 1.2_9 meters by 1.219
meters (4 feet by 4 feet). Section Number 1 operates at Mach numbers
of 1.47 to 2.86 and Section Number 2 operates at Mach numbers of
2.29 to 4.63. Reynolds numbers and tunnel pressures are variation
with limitations prescribed by tunnel capabilities and mode] load
designs. Normal operating total temperature is 65°C (150°F).
DATA REDUCTION
Forces and moments were reduced about the body axes system to coef-
ficient forr_ utilizing the following model reference values:
b = BREF = reference wing span = 0.39256 meter
= LREF = reference MAC = 0.1990 meter
S = SREF : reference wing area = 0.0680 m2
(15.455 in.)
( 7.834 in.)
(0.7323 ft 2)
Moment coefficients are referenced to two theoretical center of
gravity locations, which are: I) 65% and 2) 67% of the body length.
These dimensions are:
Xcg I longitudinal length, nose to 0.3513 meter
forward moment reference center
(13.830 in.)
Xcg 2 longitudinal length, nose to 0.3621 meter (14.256 in.)
aft moment reference center
Zcg vertical distance, water plane 0.0106 n_eter (0.419 in.)
0 to moment reference center
PRESEIITATIOH OF RESULTS
The forced oscillation test results are presented in figures 4
through 12. The effect of c.g. position on the pitch damping and the
normal force due to pitch rate are presented in figure 4. These re-
sults show that the model exhibited positive damping at all test con-
ditions except at Mach numbers of 3.96 and 4.63 where there were
significant nonlinearities and some undamping at angles of attack
between 8 and 18 degrees for both c.g. positions. The effect of c.g.
position on the yaw dampCng is presented in figure 5. These results
show that the model had posit_ve damping for the entire m and Mach
range tested for both c.g. positions. The rolling moment due to yaw
rate is also presented in this figure. The effect of OMS installation
on the roll damping and the yawing moment due to roll rate are
presented in figure 8. These data show that the model generall_
exhibited positive damping for the _ and Mach range tested.
The vertical tail contribution to the yaw and roll damping can be
seen in figures 9 and I0 and the effect of configuration variables such
as elevon and body flap deflection and body flap removal, are presented
in figures 11 and 12 respectively.
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TABLEIII, - COMPONENTDIMENSIONALDATA
COMPONENT-BODY. B
GENERALDESCRIPTION-08SB-13SB[MOOIFIEONOSE],NOSESECIIONFROMFULL-SCALE
SIATION238.0TOSIATION500 FROMNAR DRAWINGVLTO-O00139B,REMAININGBODYAFT
OFSIATION500 FROMNARVL?O-O00093.
MODELSCALE-0,0165
DRAWINGNUMBER-VLTO-OOOOQD,VL?O-O00139B.
TESTIDENTIFICATION-LAI(
FULLSCALE FULLSCALE MODELSCALE MODELSCALE
METRIC ENGLISH METRIC ENGLISH
LENGTH 32"/7.4 CM. 1280.3 IN. 54,077 CM.
MAX.WIDIH 873.1 [M. 285.0 IN. 11.I06 CM.
MAX.DEPIH G_.8 CM. 248,0 IN. 10,394 CM.
FINENESSRATIO 4.8B9 4,889 4.8G9
MAX CROSS-SECTIONALREA 42.4011SQ.M. 45G.(000SO,FT. 115.4370SQ.CM.
FOOINOTE-GENERAL-MODELSCALEVALUESAREDERIVEDFROMFULLSCALEVALUES
UNLESSNOTEDOTHERWISE.
21.290 IN.
4,372 IN.
4,092 IN.
4,869
17.8927SO.IN.
COMPONENT-ELEVON
GENERALDESCRIPIION-CONFIGURATIONPER LINESVL?O-OOOOBD,DATAFOR
(I)OF (20SIDES.
MODELSCALE-0.0165
ORAWINGNUMBER-VL?O-O00093
IESTIDENTIFICATION-LAI4
F_L SCALE FULL_ALE MODELSCALE MODELSCALE
RETRIC ENGLISH METRIC ENGLISH
AREA 19.0932SO.M. 205.5170SO.FT. 51.9813SO.CM.
EQUIVALENTSPAN 887.5 CM. 3S3.34 IN. I(.81 CM.
INBOARDEQUIVALENTCHORD _1.5 CM. 11(.78 IN. 4.81 CM.
OUTBOARDEQUIVALENTCHORD I_.7 CM. 55.00 IN. 2.31 CM.
RATIOMOVABLESURFACECHORD/
TOTALSURFACECHORD
AT INBOARDEQUIVALENTCHORD .208 .2_ .20B
ATOUTBOARDEQUIVALENTCHORD .400 .400 .400
SWEEP-BACKANGLES
LEADINGEDGE .00 DEft. .00 DEG. .00 DEG.
TAILINGEDGE -10.02 DEG. -10.02 DEG. -10.02 DEG.
HINGELINE .00 DEG. .00 DEG. .00 OEG.
AREAMOMENT
NORMALTOHINGELINE 0.83G7 CU.M. 15(8.0700CU.FI. 19G.9200CU.CM.
FOOTNOTE-GENERAL-MODELSCALEVALUESAREDERIVEDFROMFULLSCALEVALUES
UNLESSNOTEDOTHERWISE.
8.0571 SO.IN.
5.83 IN.
1.88 IN.
.91 IN.
.20B
.400
.00 DEG.
-10.02 DEG.
.00 DEG.
12.01G7CU.I_.
II llilll
TABLEIll.- COMPONENTDIMENSIONALDATA
COMPONENT-WING- W
GENERALDESCRIPTION-ORBITERCONFIGURATIONPERLINESVL?O-O00093,[DIHEDRAL
ISDEFINEDAT THELOWERSURFACEOF THEWINGATTHE 75.33PERCENTELEMENTLINE
PROJECTEDINTOk PLANEPERPENDICULARTO THEFUSELAGEREFERENCELINE].
MOOELSCALE-O.OIG5
DRAWINGNUMBER-VL?O-O00093
TESTIOENTIFICATION-LAI4
FULLSCALE FULLSCALE MODELSCALE MODELSCALE
METRIC ENGLISH METRIC ENGLISH
TOTALDATA
PLANFORMAREA 249.9102SO.M. 2690.0000SO.FT. 680.3804SO.CM.
EOUIVALENTSPAN 2379.172 CO. 93G.GBO IN. 39.25G CO.
ASPECTRATIO 2.265 2,265 2.2G5
RATEOF TAPER 1.177 1.177 1.177
TAPERRATIO .200 .200 .200
DIHEDRALANGLE 3.500 DEG. 3.500 DEG. 3.500 OEG.
INCIDENCEANGLE 3.000 OEG. 3.000 OEG. 3.000 OEG.
AERODYNAMICTWIST 3.000 OEG. 3,000 DEG. 3.000 OEG.
SWEEP-BACKANGLES
LEAOINGEDGE 45.000 OEG. 45,000 DEG. 45.000 OEG.
TRAILINGEDGE -I0.240 OEG. -10.240 DEG. -I0.240 OEG.
0.25ELEMENTLINE 35.209 DEG. 35.209 OEG. 35.209 DEG.
CHORDS
ROOT(WINGSTATION0.0] 1750.G7 CO. 689.24 IN. 28.89 CO.
TIP(EQUIVALENT] 350.14 CO. 137.85 IN. 5.78 CO.
MAC 120G.02 CO. 474.81 IN. 19.90 CO.
FUS.STA.OF0.25MAC 2887.71 CM. 113G.89 IN. 47.G5 CO.
W.P.OF 0.25MAC 759.97 CO. 299.20 IN. [2.54 CO.
B.L.OF 0.25MAC 4G2.GI CM. 182.13 IN. 7.G3 CO.
EXPOSEDOATA
AREA ]G2.7937SO.M. 1752.2900SO.FT. 443.2059SO.CO.
EgUIVALENTSPAN 1830.53 CO. 720.68 IN. 30.20 CO.
ASPECTRATIO 2.058 2.058 2.058
TAPERRATIO .2451 .245I .2451
CHORDS
ROOT 1428.50 CO. 5G2.40 IN. 23.5? CO.
TIP 350.14 CM. 137.85 IN. 5.78 CO.
MAC 998.30 CO. 393.03 IN. 16.47 CO.
FUS.5IA.OF0.25MAC 3010.G9 CO. I185.31 IN. 49.G8 CO.
I.P.OF 0.25MAC 7G2.51 CO. ]00.20 IN. 12.58 CO.
B.L.OF 0.25MAC 365.15 CN. 143.7G IN. G.02 CO.
FOOTNOTE-GENERAL-MODELSCALEVALUESAREDERIVEDFROMFULLSCALEVALUES
UNLESSNOTEDOTHERWISE.
105.4588SO.IN.
15.455 IN.
2.2G5
1,177
.200
3.500 DEG.
3.000 OEG.
3.000 DEG.
45.000 OEG.
-I0.240 OEG.
35.209 OEG.
11.37 IN.
2.27 IN.
7.83 IN.
18.7G IN.
4.94 IN.
3.01 IN.
GB.GBG8SO.IN.
11.89 IN.
2.058
.2451
9.28 IN.
2.27 IN.
6.48 IN.
19.5G IN.
4.85 IN.
2.37 IN.
12
TABLEIII.- COMPONENTDIMENSIONALDATA
COMPONENT-VERTICALTAIL_ V
GENERALDESCRIPTION-CENTERLINEVERTICALIAILDOUBLEWEDGEAIRFOIL
WITHROUNDEDLEADINGEDGE.
MODELSCALE-0.01G5
DRAWINGNUMBER-VL70-000095
TESTIDENIIFICAIION-LAI(
FULLSCALE FULLSCALE MODELSCALE MODELSCALE
METRIC ENGLISH METRIC ENGLISH
THEORETICALAREA 38.3923SD.M.
EQUIVALENTSPAN 801.93 CM.
INBOARDEQUIVALENTCHORD 681.99 CM.
OUIBOARDEQUIVALENTCHORD 275.51 CM.
SWEEP-BAC_ANGLES
LEADINGEDGE
TAILINGEDGE
45.00 OEG.
26.25 DEG.
413.2500SO.FT. 104.5231SQ.CM.
315.72 IN. 13.23 CM.
268.50 IN. II.25 CM.
108.47 IN. 4.55 CM.
(5.00 DEG. 45.00 OEG.
20.249 DEG. 20.25 DEG.
FOOTNOTE-GENERAL-MODELSCA EVALUESAREDERIVEDFROMFULLSCALEVALUES
UNLESSNOTEDOTHERWISE.
16.2011SO.IN.
5.21 IN.
4.43 IN.
1.79 IN.
(5.00 DEG.
20.25 DEG.
COMPONENT-RUDDER
GENERALDESCRIPTION-CONFIGbRATIO_PERLINESYL?D-O00095.
MODELSCALE-0.01G5
ORAWINGNUMBER-VtlO-O)OO15
TESTIDENTIFICATION-LAI4
FULLSCALE FULLSCALE MODELSCALE MODELSCALE
METRIC ENGLISH MEiRIC ENGLISH
AREA 9.883 SO.M. I00.380GO.FT. .0027SO.M.
EQUIVALENTSPAN 510.54 CM. 201.00 IN. 8.42 CM.
INBOARDEQUIVALENTCHORD 232.03 CM. 91.585 IN. 3.84 CM.
OUTBOARDEQUIVALENTCHORD 129.12 CM. 51.833 IN. 2.13 CM.
RATIOMOVABLESURFACECHORD/
IOIALSURFACECHORD
AT INBOARDEQUIVALENTCHORD .400 .400 .400
AT OUTBOARDEQUIVALENTCHORD .400 .400 .400
SWEEP-BAC_ANGLES
LEADINGEDGE 3(.83 EG. 3(.83 DEG. 3(.83 DEG.
TRAILINGEDGE 20.25 DEG. 20.25 DEG. 26.25 DEG.
HINGELINE 34.83 DEG. 34.83 OEG. 34.83 DEG.
AREAMOMENT
NORMALTOHINGELINE 14.8983CU.M. 52G.1250CU.FI. GG.8250CU.CM.
FOOTNOTE-GENERAL-MODELSCALEVALUESAREDERIVEDFROMFULLSCALEVALUES
UNLESSNOTEDOTHERWISE.
.0290GO.FT.
3.32 IN.
1.51 IN.
.84 IN.
.(OO
.400
34.83 DEG.
20.25 DEG.
34.83 OEG.
4.0840CU.IN.
13
II]]]INL
TABLEIII.- COMPDNENIDIMENSIONALDATA
COMPONENT-OMS PODS-M
GENERALDESCRIPTION-2ALIGHTWEIGHTCONFIGURATIONPER MC120074
MODELSCALE-O.O1B5
ORAVINGNUMBER-VL70-000094
TESTIDENTIFICATION-LA14
FULLSCALE FULLSCALE MODELSCALE MODELSCALE
MEIRIC ENGLISH METRIC ENGLISH
LENGTH 878.842 CM. 34G.000 IN. 14.501
MAXWIDTH[ATX0=1450) 274.321 CM. 108.000 IN. 4.52G
MAXDEPIH[AIX0=15001 289.053 CM. 113.800 IN. 4.769
OMSPODCENTERLINE
Z AXISORBITER 1178.308 CM. 463.900 IN. 19.442
Y AXISORBITER 203.200 CM. 80.000 IN. 3.353
FODTNOIE-GENERAL-MODELSCALEVALUESARE DERIVEDFROMFULLSCALEVALUES
UNLESSNOTEDOTHERWISE.
CM.
CM.
CM.
CM.
CM.
5.709
1.782
1.878
7.654
1.320
IN.
IN.
IN.
IN.
IN.
COMPONENT-BODYFLAP-F
GENERALDESCRIPTION-BODYFLAP2ACONFIGURATIC_PER LINESVLTO-ODD094.
MODELSCALE-0.0165
DRAWINGNUMBER-VLTO-O000B4k
TESTIDENTIFICATION-LAI4
FULLSCALE FULLSCALE MODELSCALE MODELSCALE
MEIRIC ENGLISH MEIRIC ENGLISH
LENGTH
MAXIMUMWIDTH
MAXIMUMDEPTH
AREAPLANFORM
AREABASE
315.138 CM. 84.700 IN. 3.550 CM.
G73.101 CM. 2G5.000 IN. II.I0_ CM.
53.340 CM. 21.000 IN. .880 CM.
13.2517SO.M. 142.6400SO.FI. 3G.07?8SO.CM.
3.5903SO.M. 38.64G0SQ.FI. 9.7747SQ.CM.
FOOTNOTE-GENERAL-MODELSCALEVALUESARE DERIVEDFROMFULLSCALEVALUES
UNLESSNOIEDOTHERWISE,
1.398 IN.
4.372 IN.
.34G IN.
5.5921SQ.IN.
1.5151SQ.IN.
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APPENDIX
TABULATED SOURCE DATA
Plotted data tabulations are
available from DMS on request.
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